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Abstract: 
Screening for colorectal cancer (CRC) is cost-effective, but many U.S. women are non-adherent, 
and the cost-effectiveness of web-based tailored screening interventions is unknown. A 
randomized controlled trial, COBRA (Increasing Colorectal and Breast Cancer Screening), was 
the source of information for the economic evaluation.  
COBRA compared screening among a Usual Care group to: 1) tailored Phone Counseling 
intervention, 2) tailored Web intervention, and 3) tailored Web + Phone intervention groups. A 
sample of 1196 women aged 50-75 who were non-adherent to CRC screening were recruited 
from Indiana primary care clinics during 2013-2015. Screening status was obtained through 
medical records at recruitment with verbal confirmation at consent, and at 6-month follow-up via 
medical record audit and participant self-report. A "best sample" analysis and micro-costing from 
the patient and provider perspectives were applied to estimate the costs and effects of the 
interventions. Statistical uncertainty was analyzed with non-parametric bootstrapping and net 
benefit regression analysis.  
The per participant cost of implementing the Phone Counseling, Web-based, and Web + Phone 
Counseling interventions was $277, $314, and $336, respectively. The incremental cost per 
person screened for the Phone Counseling compared to no intervention was $995, while the 
additional cost of Web and the Web + Phone compared to Phone Counseling did not yield 
additonal persons screened.  
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Tailored Phone Counseling significantly increased CRC screening rates compared to Usual Care. 
Tailored Web interventions did not improve the screening rate compared to the lower cost Phone 
Counseling intervention. 
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Introduction: 
Colorectal cancer (CRC) is the third most common cancer and cancer-related cause of death in 
United States (U.S.) women [1]. One in 25 U.S. women will be diagnosed with CRC in their 
lifetime [1]. In 2019, it is estimated that there will be 67,100 estimated new CRC cases among 
U.S. women and 23,380 deaths [1]. Although CRC screening is effective in reducing CRC 
incidence and mortality [2], is cost-effective [3],
 
 and is covered by the Affordable Care Act, 
screening rates among women (63.1% in 2015) remain below the Healthy People 2020 target of 
70.5% (https://www.healthypeople.gov/2020/data/disparities/summary/Chart/4054/2). 
Behavioral interventions including mailed reminders or FIT kits, financial incentives, provider-
based education, telephone counseling and patient navigation have been shown to increase CRC 
screening [4-7]. Moreover, tailoring the intervention message on demographic and belief 
variables can further increase the effect [8-10]. However, whether an intervention is an efficient 
use of scarce healthcare resources partially depends on its cost. Depending on their complexity, 
type of personnel employed, and the types of costs included, the reported cost to deliver tailored 
CRC screening interventions ranges from $5.48-$45 [11-14], while other CRC screening 
interventions such as postcard reminders and patient navigations range widely from $2.49-
$1,089 per participant [15-19]. The wide range of cost estimates indicate large variation in costs 
due to heterogeneity in the intervention designs and delivery modalities. More importantly, to 
better evaluate the relative efficiency of the interventions, we still need to consider their cost and 
yield of additional non-adherent persons screened through a function of incremental cost and 
effectiveness. The incremental cost-effectiveness ratios (ICER) are $15-$21,124 per additional 
person screened [11-17, 19, 20]. Among those interventions, tailored interventions have reported 
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ICERs from $94-$1,643 [11, 12, 14] depending on the intervention design, types of costs 
included, and the effectiveness of interventions to increase CRC screening. 
A randomized controlled trial (RCT) used a full 2X2 factorial design to compare the efficacy of a 
tailored Web intervention, a tailored Phone Counseling intervention, and the tailored Web + 
Phone interventions combined versus Usual Care for promoting CRC screening among women 
not up-to-date with CRC screening recommendations. Compared to previously studied 
interventions, the ones tested in the RCT were designed to tailor intervention messages on a 
comprehensive set of demographic, beliefs, and stage-of-change to screen. The outcomes of the 
RCT showed that compared to Usual Care, the Phone and the Web + Phone interventions 
significantly increased CRC screening rates [21]. The current cost-effectiveness study was 
conducted concurrently with the efficacy trial, with the goal to inform researchers and decision 
makers about the economics of tailored interventions with alternative communication 
technologies for increasing CRC screening rates.  
Materials and Methods: 
Champion et al. (2018) provide details of the interventions, methods, and screening results of the 
trial [21].
 
Briefly, Indiana University and community intervention clinics’ institutional review 
boards approved the study protocol. Enrollment was completed from 2013-2015, and included 
1,196 women from two primary care health centers, identified from medical records indicating 
no recent stool test (e.g., fecal immunochemical test [FIT]) or colonoscopy. Participants were 
women aged 50 to 75 years old with internet access who did not complete a stool test in the past 
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15 months, a sigmoidoscopy in the last 5 years, or a colonoscopy in the last 10 years. Exclusion 
criteria were: 1) a personal history of CRC, colorectal polyps, or inflammatory bowel disease, 
and 2) any medical conditions that would prohibit CRC screening. Participants completed 
written consent, and were surveyed at baseline, 4 weeks, and 6 months, and received a $20 gift 
card after completing each survey. Medical records documented screening status 6 months post-
intervention. The study was conducted in accordance with U.S. Common Rule.  
Tailored Interventions: 
Tailoring was based on demographic variables (e.g., age, race), health belief variables (e.g., 
perceived barriers), and objective risk for developing CRC [22, 23]. An assessment of objective 
CRC risk based on family history of colon cancer informed messages about risk-appropriate 
CRC screening tests [1, 24, 25]. Women at higher than average risk received messages that 
encouraged colonoscopy, while women at average risk could choose to hear messages about 
either stool test or colonoscopy. Messages and tailoring algorithms were adapted from past 
tailored cancer screening interventions.  
Web Intervention: The web intervention included photographs, video clips, animations, and 
graphics and tailored messages. Tailored messages for all potential participant responses to 
tailored variables were filmed and algorithms built such that the program a participant viewed 
was unique to their individual answers [26].
 
Written information was accompanied by audio 
narration, allowing women with low literacy to use the program. 
Phone Counseling Intervention: A computer-tailored program was used to structure the Phone 
Counseling session. The computer interface provided the message content after the 
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interventionist queried a participant to gather data needed for tailoring messages. Participants in 
the Phone Counseling group received tailored messages similar to those provided in the Web 
program. Phone interventionists were trained to deliver the program during an intensive 2-day 
session.  
Web + Phone Intervention: Women in the combined Web + Phone intervention were encouraged 
to complete the Web intervention prior to receiving Phone Counseling. 
 Usual Care: The Usual Care group did not receive an intervention. However, depending on the 
location where they received primary care services, they may have received a postcard reminder 
for cancer screenings. 
 
Cost estimation:   
Costs were estimated from the provider and participant perspectives for each intervention group 
and summarized by major activity, including planning and program monitoring, data 
management, identification and recruitment of eligible participants, intervention staff training, 
intervention delivery, materials, and overhead. The costs of recruitment, staff training, general 
management and monitoring, and materials were averaged across intervention groups.  All of the 
interventions require these activities and applying an average cost for all groups avoided 
penalizing an intervention due to random factors that may have caused higher costs. The mean 
web-specific costs and phone specific costs were separately applied to the appropriate 
intervention groups. The material and personnel time cost for each project activity was 
determined by prospective micro-costing, where the resource use was tracked with time logs and 
invoices, and weighted with local unit prices, inflated to 2016 U.S. dollars by the U.S. consumer 
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price index – medical care component (https://data.bls.gov/pdq/SurveyOutputServlet). The 
personnel time cost, the material cost, and the overhead cost added up to total cost. Intervention 
development cost was estimated and published previously [27], but excluded from the cost-
effectiveness analysis, as it was considered a sunk cost (i.e., the cost would not be incurred in 
future implementations of the intervention).  
Personnel time cost: 
Personnel time data were obtained from monthly electronically reported staff logs for minutes 
spent on program activities. The staff were regularly reminded to record their time log by the 
cost data collector and the project manager requested staff to complete their time log if they 
failed to report their time log for more than three months. Research time, including informed 
consent, baseline interviews (except for determining eligibility and risk level), follow-up 
interviews, and chart reviews were not included in the intervention cost. The personnel time cost 
was calculated by multiplying the minutes per activity by the adjusted salary per minute of the 
individual staff. The adjusted salary per minute was calculated using staff salaries, fringe benefit 
rates, available work time after adjusting for holidays and vacation days, and assuming an 85% 
productivity rate [28].  
Fixed time costs were activities by staff that occurred prior to the delivery of the first 
interventions, including 1) planning meetings with project personnel and clinic staff for roll-out 
of the intervention, 2) training of phone counselors, and 3) set up and initial testing of the 
website for the Web and Web + Phone Interventions (hereafter referred to as website). Variable 
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personnel time costs included personnel time associated with each participant engaged in the 
intervention. Items include 1) identifying potential participants, verifying eligibility, and 
enrolling potential intervention participants, 2) maintenance of the website and solving 
participant issues with use of the site, 3) participant time on the website, 4) preparation for and 
call time (both connected and failed) for Phone Counseling by staff and participants. Time spent 
by the participants interacting on the website was automatically tracked when they logged onto 
the site. Time spent by staff and participants during Phone Counseling was recorded. A multiple 
imputation (MI) using Markov Chain Monte Carlo method was used to impute missing phone 
call time. The covariates considered for MI were age, race, marital status, education, 
employment status, and income level. Through the three MI procedures (imputation, analysis, 




Material costs include office supplies, phone calls, printing, FIT kits, FIT lab fee, and postage.  
 
Overhead costs: 
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Participant time cost was calculated by multiplying the time participants spent on the 
interventions by the mean hourly wage rate for U.S. women; the age adjusted hourly wage rate of 
full-time workers for full-time employed women, the age adjusted hourly wage rate for workers 
paid by the hour for part-time employed women and the federal minimum wage rate for 






The screening compliance for each participant -a binary variable- was obtained from the 
COBRA randomized trial. The effectiveness of each intervention was the percentage of 
participants in each group who completed a colonoscopy or stool test 6 months post-intervention. 
Participants were deemed screened if either self-report or medical record data indicated 
completion of a stool test or colonoscopy. Considering the 18%-27% attrition rate across groups, 
we compared those lost-to-follow-ups to participants with complete data. We found no 
significant difference between them in demographic characteristics (age, race, marital status, 
education, employment status, and income level). Therefore, participants lost to follow-up were 
excluded in the primary analysis. 
 
Cost-Effectiveness analysis: 
Using Microsoft Excel 2013 and SAS version 9.4 (SAS Institute, Inc., Cary, North Carolina, 
USA), a cost-effectiveness analysis was conducted to identify the most efficient strategy for 
increasing CRC screening compliance compared to Usual Care. The incremental cost-
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effectiveness ratios (ICERs) were computed by dividing the incremental cost of an intervention 
by the incremental effect of the intervention by sequentially comparing Usual Care to the Web 
group, the Web group to the Phone group, and the Phone group to the Web + Phone group. The 
sensitivity of the incremental cost-effectiveness ratios was assessed by computing changes in the 
ICER with changes in the main uncertain parameters, including the overhead rate, range between 
0% and 40% and the scale of the program, range between 1,000 and 5,000 potential participants. 
Costs and effects were not discounted due to the relatively short duration of the time between the 
intervention and follow-up. 
Statistical uncertainty in the cost and effect estimates was assessed with bootstrapping (1000 
replicates of the cost-effectiveness ratios) and net benefit regression analysis adjusted for 
covariates to obtain 95% confidence intervals for the ICERS and a cost effectiveness 
acceptability curve showing the likelihood of an intervention being cost-effective given 
hypothetical willingness to pay for an additional person screened.    
Results: 
The majority of participants enrolled were Caucasian, overweight or obese, and had more than a 
high school education and an annual household income >$30,000. The average age of 
participants was 58.9 years. Despite randomization, there were several significant demographic 
differences between groups. For example, the Web and Web + Phone groups had significantly 
more Black participants, while the Usual Care and Web + Phone groups had significantly more 
Asian participants. More individuals in the Web and Web + Phone groups reported going to 
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doctors three or more times last year compared to those in the other groups. There were also 
lower percentage of participants with depression that limited their activities in the Usual Care 
than in the Web + Phone group [21].
Table 1 shows the per participant cost of interventions (in U.S. dollars) by activity. The no cost 
Usual Care group was excluded. Identification and recruitment of eligible participants’ costs 
comprised 53-63% of the total direct costs, while participant time cost adds less than $3 to the 
average direct cost for all groups. At $277 per participant, the Phone Counseling intervention 
was the least costly intervention, followed by Web ($314) and the Web + Phone intervention 
($336).  
Table 2 base case analysis shows the Phone Counseling group achieved the highest CRC 
screening rate among the three interventions. Therefore, the Web and Web + Phone interventions 
were dominated because they cost more to deliver but were not as effective as the Phone 
intervention. All sensitivity analyses found a similar pattern (Table 2).  
We found the lowest ICER when zero overhead costs were assumed ($597). When the simulated 
participant population was increased from the study size of about 300 per group to 5,000 per 
group, intervention cost per participant and the ICER decreased by 20%. The Phone Counseling 
intervention remained dominant with the cost per additional person screened declining to $792 
for the largest group. 
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For the Phone Counseling intervention, 95% confidence intervals around the ICER were 
generated with bootstrap simulation of 1000 replicates of the cost and effect differences 
compared to Usual Care (Supplementary Fig. S1). The cost-effectiveness acceptability curve 
(CEAC) comparing the Usual Care and the Phone interventions is shown in Figure 1.  
 
The CEAC shows the probability of the Phone intervention being cost-effective given different 
hypothetical threshold willingness-to-pay (WTP) values that decision-makers may consider. 
Figure 1 shows that the Phone intervention had no chance of being cost-effective when the WTP 
is lower than $700. However, the probability quickly increased and approached 100% when the 
WTP doubled to $1,400. The CEACs from participant plus payer’s perspectives were almost 
identical to the payer perspective, given that the average costs were similar from the two 
perspectives. We obtained the same CEAC after controlling for demographic variables that were 
unbalanced across groups in Net Monetary Benefit Regression analysis. 
 
Discussion: 
This study reported the cost-effectiveness analysis of three tailored interventions to increase 
CRC screening among non-adherent women, and found that the tailored, interactive web 
component was not cost-effective. Published literature on cost-effectiveness of CRC screening 
intervention are mixed with more studies unfavorable due to the extra cost of tailoring [11-14]. 
The tailored intervention which showed cost-effectiveness had other components which helped 
increase screening rates: educational pamphlet, FIT kit, and a stamped return envelope, and a 
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dedicated phone number for scheduling screening, while the only tailored information was the 
dates of recipients’ last screening on the cover letter [14]. Therefore, evidence has suggested that 
in-depth tailored interventions based on demographics, determinants of health behavior, or health 
beliefs are not cost-effective, whether delivered in a printed form [12], or more technology 
involved forms such as computer-based flipchart [11] and video or an interactive web-based 
program [13].   
 
The reported average costs for all interventions ($277-$336) in our study were higher than 
previously reported tailored CRC screening interventions which ranged from $5.48-$45 [16-19]. 
The previous tailored interventions had different intervention designs and level of tailoring, such 
as tailored messages [17, 19], reminder phone calls [17], and interactive multimedia intervention 
delivered on tablet or computer [16, 18]. Therefore, the heterogeneity partially accounted for the 
differences in costs. While the tailored and interactive intervention designs may increase the 
costs due to extra time spent on compiling information for tailoring the Phone Counseling and 
technical support for the website, higher costs were mainly due to time required to identify and 
recruit the eligible participants. We found that the recruitment costs accounted for 40%-49% of 
the total cost, which was higher than recruitment costs reported in other studies [11-13]. 
Although recruitment is a critical component of preventive interventions that requires resource 
allocation to identify eligible individuals and recruit them to research studies [29], other studies 
do not report recruitment costs [14, 16] probably because it was difficult to separate the cost of 
identifying eligible participants from research related activities  (e.g., obtaining informed 
consent). The large proportion of recruitment costs in our interventions in fact indicates an 
opportunity for cost reduction and cost-effectiveness improvement by utilizing more efficient 
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recruitment strategy such as identifying individuals in need through electronic health records. 
Targeting multiple preventable conditions will also spread the recruitment cost among multiple 
preventive services [15] and therefore improve the cost-effectiveness of our interventions.  
Our analysis also showed that the tailored, interactive web component was more costly to 
manage and to provide technical support compared to the Phone Counseling. The four times 
higher participant time cost of receiving Web intervention versus Phone Counseling also 
suggested that the Web intervention took participants longer to complete, although both 
interventions were tailored. Additional reasons for the higher web intervention costs may be the 
time spent on website management due to difficulty in learning and technical issues associated 
with implementing a new complex interactive web program. These issues should decline as 
program staff and managers gain experience with the system. Participants may also have 
difficulty navigating the Web intervention, especially those with limited computer skills. The 
lack of interaction with another human being may also be the reason that the participants in the 
Web group were less likely to receive the intervention. These intervention delivery problems 
may partially explain why the Web-only group had a lower screening rate compared to the other 
groups.  
Compared to usual care the incremental effects of the Phone Counseling and the Web + Phone 
interventions in the current study were higher (27.9% and 21.9%, respectively) than other 
tailored, non-tailored, and provider-targeted intervention programs [11-17, 19, 30]. In line with 
other published studies, the Phone Counseling intervention is cost-effective although it cost $995 
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per additional women screened. However, there is potential for significantly reducing costs in 
non-research settings with accurate patient records and effective and efficient patient 
communication [31].
Overhead costs account for resources that serve across different departments and programs [32]. 
Due to uncertainty in the extent to which overhead was already accounted in the measurement of 
management and monitoring costs, the low estimate of overhead cost was assumed zero for the 
sensitivity analysis of the effect of overhead on the ICERs. This change, compared to the base 
case estimate of 30% overhead rate, reduced the ICERs by about 25%.  
The study sample size of approximately 300 participants randomized per group may increase the 
average cost per participant compared to more efficient use of the fixed costs incurred in setting-
up and delivering the interventions in larger “real world” settings.  The fixed costs included 
intervention planning, personnel training, and the cost of setting up web intervention, accounting 
for about 30% of the total costs (Table 2). The simulated increase in cohort size from 300 to 
5,000 participants decreased the cost per participant by spreading the fixed cost over more 
participants, and reduced the ICER for the Phone intervention by 20%. This finding suggests that 
our interventions can be more cost-effective when implemented among larger population. 
Therefore, future screening promotion program decision-makers should consider the effects of 
the size of the participant population on the cost parameters of the interventions.  
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Net benefit regression was applied to control for covariates that were marginally unbalanced 
across the groups including the number of doctor visits last year, the number of self-reported 
health problems, and having depression that limits activities, and showed similar results 
compared to the regression without covariates. In addition, the consistent results from 
bootstrapping and net benefit regression suggested that any differences in the groups did not 
affect the economic results.  
 
There are limitations in the study. The trial incurred over 20% loss to follow-up at 6 months post 
intervention, although those lost to follow-up were not different from the rest of participants. A 
sensitivity analysis examined a scenario where all those lost to follow-up failed to receive 
screening, and found the ICER for Phone Counseling increased to $1,161 (95 % Confidence 
Interval [$897, $1,675]) compared to the base case. Phone Counseling remained the most cost-effective 
intervention. The personnel time data was self-reported. Separating research costs from 
implementation costs is imprecise and errors may inflate the cost estimates. Our cohort size was 
lower than desired in a “real world” program due to research budget limitations, which increases 
the average fixed costs of the interventions [29].
 
Simulation of the effect of cohort size on the 
ICERs was applied to provide some insight to how costs would be reduced in a larger program. 
Finally, overhead cost was estimated as a percentage of direct cost due to lack of information on 
fully allocated costs of space, utilities, and high-level management resources. When overhead 
was assumed to be fully accounted in other costs, the cost per additional person screened by the 
Phone intervention was reduced by about 25%.  Finally, given the characteristics of our study 
cohort, our findings may not generalize to lower income and education groups, individuals who 
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are uninsured or underinsured, individuals without access to healthcare, and those that may have 
more limited access to phone and internet. 
 
In summary, our study found that the tailored Phone Counseling intervention was very effective in 
increasing the use of any CRC screening among non-compliant women, although the cost per additional 
person screened was higher than found in some previous research.  Cost-effectiveness can be improved by 
identifying potential cost reduction opportunities such as a more efficient approach to participant 
recruitment and coverage of a larger target population in a real world setting. Future research is needed 
to identify more efficient ways to identify and recruit the target population and deliver behavioral 
screening interventions.  
 
Decision makers need to consider the resources available to adapt and implement the Phone 
Counseling intervention [33]. The feasibility of interventions depend on the resources available, 
including space, staff, and time for training and intervention delivery. Decision makers should 
consider the high cost of identifying and engaging the non-adherent population. Outreach and 
active engagement can be costly depending on the accuracy and efficiency of the clinic 
information system. In reach directed to patients who routinely visit the clinic would incur less 
recruitment cost. Scaled to a larger target population, the fixed costs spread over more people, 
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Tables: 


















54.80 54.80 54.80 
Data 
Management 
13.79 13.79 13.79 
Screening 
Eligibility 
66.38 66.38 66.38 
Staff 
Training 






4.50 4.50 4.50 
Phone 
Intervention 
16.77 ---- 16.35 
Web 
Intervention 
---- 43.97 43.97 
Material 
Cost 
FIT Kit 1.41 1.41 1.41 
Other Materials 42.70 42.70 42.70 
Total Direct Cost 213.04 240.24 256.59 
Overhead Cost 63.91 72.07 76.98 
Participant Cost 0.52 2.08 2.66 
Total Cost 277.47 314.39 336.22 
a See Supplementary Table S1 for more details on the costs. 
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Figure Legends: 
Figure 1. Cost-Effectiveness Acceptability Curve of the Phone Intervention. The figure shows 
the probability of Phone counseling being cost-effective compared to Usual Care associated with 
different willingness-to-pay thresholds, from the perspectives of payer’s and payer plus 
participant’s. The Cost-Effectiveness Acceptability Curve was generated with bootstrap 
simulation of 1000 replicates of the cost and effect differences comparing Phone counseling to 
Usual Care.  
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